The functional role of the human diffuse panbronchiolitis critical region 1 (DPCR1) gene, located in the major histocompatibility complex class I, has not been widely investigated. However, this gene is a well known genetic marker for diffuse panbronchiolitis, a disease affecting human respiratory bronchioles. In this study we explored the association between polymorphisms in DPCR1 and aspirin-exacerbated respiratory disease (AERD), an asthma phenotype. METHODS: Genotyping of 6 polymorphisms was carried out in a total of 189 Korean asthmatic patients stratified into 93 AERD cases and 96 aspirin tolerant asthma controls. Subjects who exhibited significant decrease of FEV 1 by aspirin provocation were identified as AERD subjects. Logistic and regression analyses were performed to investigate the association between DPCR1 polymorphisms and the risk of AERD as well as FEV 1 decline. RESULTS: Initial analysis revealed significant association of rs2517449 with AERD, with a P value of .03 via a recessive model; however, the association signal disappeared after multiple testing corrections. In addition, rs2517449 and rs2240804 also showed association signals with decline of FEV 1 after aspirin provocation (P ‫؍‬ .007 and .03, respectively, in a recessive model). After testing for multiple comparisons, only the association signal from rs2517449 was retained (P corr ‫؍‬ .04), while other polymorphisms showed no associations with the risk of AERD and FEV 1 decline. CONCLUSIONS: Our results show that polymorphisms in DPCR1 are not associated with the risk of AERD.
Introduction
Aspirin-exacerbated respiratory disease (AERD) was first described by Widal et al in 1992, who mentioned that the symptoms of the disease included asthma and nasal polyposis, which is caused by hypersensitivity to nonsteroidal anti-inflammatory drugs such as aspirin. 1 Although aspirin is a widely used medication for relieving pain, side effects associated with aspirin intake have been reported in 20% of asthmatics. 2 Although AERD pathogenesis has not yet been fully understood, abnormal production of leukotrienes through the arachidonic acid cascade associated with human inflammation response has been regarded as the main cause of the disease. 3 Blocking of prostaglandin production by non-steroidal anti-inflammatory drugs has also been implicated in inflammatory responses associated with the immune system.
The diffuse panbronchiolitis critical region 1 (DPCR1) gene, located between HLA-B and HLA-A on chromosome 6p21.33, is classified as one of the human major histocompatibility complex (MHC) class I molecules. A previous study has reported that approximately 200 kb of the MHC class I region, which contains the DPCR1 gene, may contain markers for diagnosis of diffuse panbronchiolitis, a bronchiolar disease that affects human airways. 1 However, to our knowledge, the association between DPCR1 variations and risk of AERD has not yet been investigated.
To date, some groups have reported the function of DPCR1 in human diseases. One recent study that screened candidate genes of HIV-1 control revealed that singlenucleotide polymorphisms (SNPs) in DPCR1 ranked among the top 500 polymorphisms with the highest effect, 2 suggesting that although the function of DPCR1 still remains unknown, it might play a role in human immune diseases. In addition, another study has reported that some SNPs used in this study showed significant association signals with systemic lupus erythematosus. 3 A more recent finding has revealed that 2 DPCR1 adjacent genes, mucin-like genes (PBMUCL1,2), are associated with diffuse panbronchiolitis and affect airway epithelial cell redifferentiation. 4 Furthermore, a study by Kim et al has revealed recently that aspirin can inhibit the MHC class I restricted exogenous antigen presenting capability of dendritic cells, which have an important role in the immune system. 5 These results seemed to implicate the important role of DPCR1, which is located in the MHC I region in the human immune system.
In the present study we hypothesized that DPCR1 might be a candidate gene for other human airway diseases, such as AERD, and carried out an association analysis in a Korean asthma cohort.
Methods

Study Subjects
All of the asthmatics, including 93 AERD asthmatics and 96 aspirin-tolerant asthma subjects, were recruited from consecutive out-patients of Soonchunhyang, Chonnam, Chungbuk, Seoul National, and Chung-Ang University hospitals, comprising the Asthma Genome Research Center in Korea. All of the subjects showed clinical symptoms that met the criteria for asthma according to the Global Initiative for Asthma. 6 Evaluation included dyspnea and wheezing during the past year, plus one of: airway reversibility measured by a positive bronchodilator response of Ͼ 15% increase in FEV 1 or Ͼ 12% increase in FEV 1 plus 200 mL following inhalation of a short-acting bronchodilator; airway hyper-reactivity to Ͻ 10 mg/mL provocational concentration of methacholine that produced a 20% decrease in FEV 1 ; or Ͼ 20% increase in FEV 1 following 2 weeks of treatment with inhaled steroids and long-acting bronchodilators. 7 Twenty-four common inhalant allergens (eg, dust mites, cat fur, dog fur, cockroaches, grasses, trees, ragweed pollen) were used in a skin-prick test (Bencard, Brentford, United Kingdom). Total immunoglobulin E was measured using the CAP system (Pharmacia Diagnostics, Uppsala, Sweden). Atopy was defined as a wheal reaction equal to or greater than histamine, or 3 mm in diameter. Pulmonary function tests were performed using a spirometry system (Vmax Series 2130 Autobox, SensorMedics, Yorba Linda, California) with adherence to the American Thoracic Society guidelines. 8 The reference values of lung functions used were according to the standards of Morris. 9 All asthmatics underwent oral aspirin challenge that was performed with increasing doses of aspirin (10 -450 mg), 10, 11 with modifications. The subjects reported no increase in asthma symptoms or respiratory-tract infections within 6 weeks prior to the test. Briefly, subjects with
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What this paper contributes to our knowledge DPCR1 polymorphisms are not associated with the risk of aspirin-exacerbated respiratory disease.
history of aspirin hypersensitivity were given 30 mg, and those having no history of aspirin hypersensitivity started with 100 mg of aspirin orally. Symptoms, external signs (urticaria, angioedema, rhinorrhea), and FEV 1 were documented every 30 min for a period of 2 hours. In the absence of any symptoms or signs suggestive of adverse reaction after 2 hours, 60 mg or 100 mg of aspirin were administered and the same measurements were repeated every 1 hour, with doses of 450 mg until the subject developed a reaction. If no reaction occurred 5 hours after the final dose, the test was deemed negative. Changes in the FEV 1 were followed for 5 hours after the final aspirin dose. Aspirin-induced bronchospasm, reflected by the rate (%) of decline in FEV 1 , was calculated as the prechallenge FEV 1 minus the post-challenge FEV 1 divided by the pre-challenge FEV 1 . Categorization of subjects was based on individual oral aspirin challenge reactions. Asthmatics exhibiting Ն 20% decrease in FEV 1 or a 15-19% decrease in FEV 1 with naso-ocular or cutaneous reactions were diagnosed as AERD cases, whereas those demonstrating Ͻ 15% decrease in FEV 1 without naso-ocular or cutaneous reactions were identified as aspirin-tolerant asthma controls. A diagnosis of nasal polyps was made based on the presence of endoscopically visible nasal polyps arising from the middle nasal meatus. All subjects provided written informed consent, and the study protocols were approved by the institutional review board of each hospital.
SNP Selection and Genotyping
We selected candidate polymorphic SNPs in the National Center for Biotechnology Information and the International HapMap Project (http://hapmap.ncbi.nlm.nih. gov/) databases, based on the frequencies in Asian population and linkage disequilibrium (LD) status. For examination of AERD risk association, we genotyped 6 SNPs in the DPCR1 gene. Genotyping was carried out with 20 ng of genomic DNA, using TaqMan assay in sequence detection system software (ABI prism 7900HT, version 2.3, Applied Biosystems, Carlsbad, California) in 93 AERD cases and 96 aspirin-tolerant asthma controls, with the assessment of data quality by duplicate DNAs (n ϭ 10).
Statistics
We calculated LD in all pairs of biallelic loci, using Lewontin's DЈ (DЈ) 12 and r 2 . The PHASE algorithm (version 2.0), developed by Stephens et al, was used for inferring haplotypes. 13 Associations of genotypes and haplotypes in the DPCR1 gene with AERD were calculated using logistic analysis adjusted for age, sex, smoking status, atopy, and body mass index as covariates. We also performed linear regression analysis to determine the differences in the rates of decline in FEV 1 following aspirin challenge among the genotypes and haplotypes. Data were adjusted, managed, and analyzed using software (SAS version 9.1, SAS Institute, Cary, North Carolina). Statistical significance was set as Ͻ .05. Furthermore, the effective number of independent marker loci (Meff) was calculated for multiple testing corrections using SNPSpD (http:// genepi.qimr.edu.au/general/daleN/SNPSpD/), a program that is based on the spectral decomposition (SpD) of matrices of pair-wise LD between SNPs.
Results
From analysis of the subjects' characteristics, we observed that AERD patients show significantly greater FEV 1 decline after aspirin challenge, compared to the aspirintolerant asthma group (23.6 Ϯ 14.5% vs 0.9 Ϯ 2.8%, respectively, P Ͻ .001, Table 1 ). The case group also shows a higher percentage of positive rate of side effect measured through external signs (urticaria, angioedema, rhinorrhea) after aspirin treatment (26.7% vs 8.4%, P Ͻ .001, see Table 1 ) and polyposis rate (63.9% vs 29.3%, P Ͻ .001, see Table 1 ). Other diagnosis factors showed no significant association between the AERD and aspirin-tolerant asthma groups. The clinical profiles and analysis results are summarized in Table 1 . For the logistic and regression analysis we genotyped all subjects for 6 common polymorphisms (rs2517449, rs11970154, rs3132580, rs2240804, rs2240803, and rs3757340). Calculation of LD plot was performed with the exception of rs3132580, since its frequency was lower than 0.05. The genetic map of DPCR1 is shown in Figure 1 , and minor allele frequencies for each polymorphism in the AERD and aspirin-tolerant asthma groups are displayed in Table 2 . We also calculated for deviations from Hardy-Weinberg equilibrium, and all polymorphisms were found to be in Hardy-Weinberg equilibrium except for rs2517449 in the AERD subjects. Four variants (rs2517449, rs11970154, rs3132580, and rs2240804) were located in the translational region of the gene, while the other 2 SNPs (rs2240803 and rs3757340) were located in the 5Ј-untranslated region (see Fig. 1A ). Three sites of amino acid substitutions, from glycine to arginine in rs11970154, glutamine to lysine in rs3132580, and arginine to glutamic acid in rs2240804 were observed. This information is summarized in Table 2 .
From the initial logistic analysis we revealed that the rs2517449 variant is significantly associated with the risk of AERD in the recessive model (P ϭ .03, with odds ratio of 0.27, and 95% CI ϭ 0.08 -0.90, Table 3 ). The rs3132580 variant was not analyzed in the recessive model because there was no existing sample with 2 recessive alleles of the polymorphism. For adequate comparisons between polymorphisms, we performed multiple testing corrections with Meff ϭ 5.0676. The association signal initially detected failed to reach significance after corrections (see Table 3 ). Furthermore, rs2517449 and rs2240804 were also found to be associated with a fall in the rate of FEV 1 via a recessive mechanism (P ϭ .007-.03, Table 4 ). The num- DЈ and r 2 ) among the selected single-nucleotide polymorphisms (SNPs) based on the genotypes of whole study subjects in this study (n ϭ 189). ber of genotypes is displayed along with the results of regression analysis in Table 3 . However, only the signal from rs2517449 was retained after corrections (P corr ϭ .04, Table 4 ).
Discussion
Although the mechanisms of diffuse panbronchiolitis still remain poorly understood, symptoms of diffuse panbronchiolitis partially overlap with other respiratory diseases, like chronic bronchitis and asthma. 14, 15 In addition, C6orf37OS, another name for DPCR1, is highly expressed in the lungs, suggesting that it may be a potential diffuse panbronchiolitis susceptible gene located in the HLA region. 1 Genes in the HLA region have been known to play important roles in regulating the antigen presenting system of the adaptive immune system, supported by reports showing that airway inflammation in aspirin hypersensitive patients is due to eosinophil infiltration. 16 Given the observed increase in the number of dendritic cells that play important roles in antigen presenting and recruitment of other inflammation associated cells in bronchiolar tissues, variations of MHC, including DPCR1, are expected to be involved in AERD pathogenesis in this study. 17 Among the SNPs in DPCR1, we selected common polymorphisms with frequencies higher than 0.05, and therefore a total of 6 variants were analyzed in this study. From the variants screened in the systemic lupus erythematosus study, 3 SNPs (rs31325870, rs2240803, and rs3757340) were also included in this study and may have meaningful P values, with lower than .05. 3 However, results from logistic analysis in this study showed no association be- tween the risk of AERD and 3 SNPs that were also included in the systemic lupus erythematosus study. The marginal association signal detected in rs2517449 with a P value of .03 with an odds ratio of 0.27 (95% CI ϭ 0.08 -0.90) disappeared after multiple testing corrections. In addition, we were able to detect amino acid changes in 3 polymorphisms, rs11970154 with glycine to arginine, rs3132580 with glutamine to lysine, and rs2240804 with arginine to glutamic acid, but these SNPs were not associated with risk of AERD. Other SNPs also show no association with the risk of AERD. Analysis of 5 major haplotypes having frequencies over 0.05 were revealed to have the same effect as the analyzed SNPs (rs2240803 with ht1, rs2240804 with ht2, and rs11970154 with ht4), and therefore the results were not shown in Table 3 . DPCR1 haplotypes were also found to have no associations with the risk of AERD.
In the regression analysis that focused on FEV 1 decline after aspirin challenge, 2 polymorphisms, rs2517449 and rs2240804, showed significant associations, with P values of .007 and .03 in a recessive model. Furthermore, the association signal of rs2517449 remained robust after multiple testing corrections (P corr ϭ .04). This result indicates that rs2517449 may affect the fall rate of FEV 1 . Relating this finding to the results of logistic analysis, this significant signal might affect the association signal in initial analysis. In this case, one possible role of SNPs in exon is modifying the gene splicing related sequence for enhanced and more accurate splicing. Indeed, the rs2517449 was located in the exonic splicing enhancer or exonic splicing silencer, as mentioned in the National Institutes of Health database. To date, researchers have demonstrated that the exonic splicing enhancer and/or exonic splicing silencer affects factors for gene expression such as RNA structure. 18 -22 It is indicated that the SNP in the DPCR1 having exonic splicing enhancer/silencer sequence can affect the gene expression level.
Conclusions
In summary, we failed to find an association in both analyses, except for one SNP, rs2517449, and FEV 1 decline, and the SNP is assumed to have a role in splicing efficiency. Although the present study reveals lack of association between DCPR1 polymorphisms and AERD, our findings may be meaningful for future studies validating the function of DPCR1 and/or researches regarding AERD or asthma.
